Introduction of the allele pool of wild species, in particular, Argali (Ovis ammon polii) into the domestic sheep (Ovis aries) of the modern breeds is one of the promising approaches to enhancing genetic diversity and, consequently, biodiversity and nutrient availability. Study of the processes of digestion, assimilation of nutrient substrates in the body and metabolism is the basis for developing the feeding systems for animals of the novel genetic variation. The objective of this survey was to study and metabolism, digestibility, and nutrient requirements of hybrids of Romanov sheep and Argali. The experiments were performed on the wethers fitted with rumen fistulas (Vivarium of the L.K. Ernst Institute for Animal Husbandry, Moscow Province, pos. Dubrovitsy) in 2014-2015. The experimental animals were divided into three groups. Group I (control) included the purebred Romanov sheep (ROM, n = 3), group II included the F 3 hybrids (HYB1, n = 3) from crossing Romanov ewes with F 2 hybrid Romanov ewes and Argali (87.5 % of the Romanov sheep blood and 12.5 % of the Argali blood), and group III included the F 3 hybrids (HYB2, n = 3) from crossing F 2 hybrids Romanov ewes and Argali with the Edilbaj sheep (50 % of the Edilbaj sheep blood, 37.5 % of the Romanov sheep blood, and 12.5 % of the Argali blood). The rumen content and blood samples for the analysis were taken an hour before feeding and in three hours after feeding. The production of volatile fatty acids (VFAs) (using Markham distillation apparatus), the amount of ammonia-N (by the Conway microdiffusion method), amylolytic activity (photometrically), the protozoa and bacteria biomass (by centrifugation) have been measured in rumen. Hemoglobin concentration, red blood cell count and white blood cell count were determined. The levels of total protein, albumin, globulin, urea, creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST) activity, glucose, cholesterol were estimated in blood serum. The ruminal fermentation in the hybrid animals, when compared to the purebred animals, was more active; it could be confirmed by the higher total microbial mass in hybrid animals (+37.0 % and +37.3 %, respectively, before feeding; +22,2 % and +33.3 %, respectively, after feeding), the VFA increased concentration (+17.5 % and +26.1 %, respectively, before feeding; +8.7 % and +12.0 %, respectively, after feeding), the increased amylolytic activity in rumen fluid (+10.3 ...+14.0 %), and the decreased ammonia concentrations (8.4…27.7 %). Intensified fermentation caused the better nutrient digestibility and utilization in hybrid animals. The HYB1 sheep, when compared to the control group, were characterized by the better digestibility of dry matter (+7.8 %), organic matter (+5.3 %), crude protein (+6.9 %), crude fat (+3.8 %, p < 0.05), crude fiber (+6.5 %, p < 0.05), and the nitrogen free extractable substances (NFE) (+4.5 %). The nitrogen utilization coefficient in the ROM group comprised 27.9 %, which is 8.9 % and 8.5 % less than that in the animals of the HYB1 group and the HYB2 group, respectively. The differences in the concentrations of both the carbohydrate and lipid metabolites and the nitrogen metabolites between the groups of purebred and hybrid sheep were ascertained. The analysis of blood metabolic profiles revealed the higher concentrations of glucose and creatinine, the higher albumin to globulin ratio, and the reduced cholesterol level in the hybrid animals compared to the purebred Romanov sheep. Therefore, the obtained data indicate that the metabolic processes are more intense in the hybrids than that in the purebred sheep. The data obtained can serve as a basis for developing the physiologically sound feeding programs for animals of the novel genetic variation to realize the maximum potential productivity.
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One of the ways to improve livestock productivity and the quality of the final products is to introduce the wild species resources into the agricultural production by creating new forms of animals by interspecific hybridization [1] [2] [3] .
Artificial hybridization of different species of Ovis has long attracted researchers. Thus, M.Ph. Ivanov, used a moufflon to develop a new sheep breed called the mountain merino, which was suitable for year-round husbandry on the mountain pastures [4] . P.A. Manteuffel suggested an idea of creating Nordic sheep by hybridization with bighorn sheep [5] , which later found its way in the works of other researchers [6, 7] . A new breed of fine-wool sheep for meat and wool called Kazakh Arkhar-Merino was produced by hybridization between a Marco Polo's sheep (O. ammon polii) and a fine-wool sheep [8) . Hybridization of Karakul ewes with Argali resulted in a gray subspecies of Karakul sheep [9] . The introduction of the allele pool of wild species into domestic animals is one of the promising approaches to enhancing nutritional diversity [10] and providing people with safe and healthy food. In this respect, revealing morphological, physiological and biochemical mechanisms that regulate digestion processes and contribute to the establishment of productive qualities in animals with new genotypes is of particular importance [11] [12] [13] .
At L.K. Ernst All-Russian Research Institute of Animal Husbandry (RIAH) the projects on developing new interspecific hybrids between Romanov sheep (Ovis aries) and Argali (Ovis ammon) are underway, aimed to create new breeding forms with modified nutrient composition [14] , combining the desirable performance and biological traits with the adaptive potential of the parent species. For example, Romanov sheep are characterized by outstanding productive qualities and multiple pregnancy, but a low resistance and a certain softness of the constitution [15] . Mountain sheep (Argali), the largest wild sheep, is relatively unpretentious and able to survive in extremely adverse environmental conditions [16] .
It is known that the activity of regulatory systems depends on genotypic characteristics, which is accompanied by variations in the intensity of specific digestive and metabolic processes. Digestibility and utilization of nutrients, as well as nutritional requirements are unequal in animals of different origin [17, 18] . Due to the differences in the adaptive potential of the digestive apparatus in animals with different genotypes, specific conditions are being developed in their gastrointestinal tract that affect the activity of microorganisms and the biosynthesis of metabolites [19] [20] [21] [22] [23] . Understanding the underlying regulation of these processes is essential to justify the reasonable feeding of livestock and improve feed efficiency [24] [25] .
In addition, determination of parameters characterizing the digestion, absorption of nutritious substrates in the body and metabolism is one of the mandatory requirements in developing feeding regimes for newly bred animal forms [26] [27] [28] [29] . Accounting for their physiological and biochemical status allows optimizing the diets that ensure the most complete realization of high productivity potential achieved as a result of breeding [30] .
In this paper, for the first time we compared a number of biological parameters pertinent to digestive and metabolic processes in developed interspecific hybrids between domestic sheep (Ovis aries), with the Romanov breed or Romanov and Edilbaev breeds involved, and Argali (Ovis ammon polii). In this, a more extensive turnover and better absorption of nutrients in these sheep as compared to similar animals of the Romanov breed have been revealed.
Our objective was to evaluate and compare the digestion, metabolism, digestibility and utilization of dietary substrates in the purebred Romanov sheep vs. different hybrids resulted from crossing domestic sheep with Argali.
Technique. Investigations were performed under conditions physiological yard (RIAH, 2014 (RIAH, -2015 , using three groups of wethers of different origin, age-(6-7 months) and body weight-matched, with rumen fistulas implanted (by Basov). Group I (control) included the purebred Romanov wethers (ROM), group II included the F 3 hybrids (HYB1) from crossing Romanov ewes with the Romanov ewe and Argali F 2 hybrid (87.5 % of the Romanov sheep blood and 12.5 % of the Argali blood), and group III consisted of the F 3 hybrids (HYB2) from crossing the Romanov ewe and Argali F 2 hybrids with rams of the Edilbaev sheep (12.5 % of the Argali blood, 37.5 % of the Romanov sheep blood, and 50 % of the Edilbaev sheep blood). All animals were fed with a combined diet, customized based on the RIAH regulations [31] for the young Romanov sheep, which consisted of silage, haylage, hay and concentrates.
The investigations were conducted for 28 days. A preliminary stage lasted 21 days, followed by 7-day record period. Total moisture content, crude fat (by S.V. Rushkovsky), crude protein (by Kjeldahl method) and crude fiber levels (by Henneberg and Sttohmann) were measured in collected samples of feed, feed residues and feces. The nitrogen amount was evaluated in the urine. Based on the findings revealed in the digestible trial, the amount and digestibility of nutrient, and nitrogen intake were calculated using the conventional methods [32) .
The rumen fluid samples and blood samples were collected 1 hour before and 3 hours after the morning feeding.
The following parameters were measured in the rumen contents: total amounts of volatile fatty acids (VFAs) by steam distillation (using Markham micro-distillation apparatus), the amount of ammonia-N by the Conway micro-diffusion method, amylolytic activity (photometrically), and protozoal and bacterial biomass by differential centrifugal sedimentation (using Sigma 3-18 centrifuge, Germany) [33] .
The following parameters were measured in the rumen contents: total amounts of volatile fatty acids (VFAs) by steam distillation (using Markham micro-distillation apparatus), the amount of ammonia-N by the Conway micro-diffusion method, amylolytic activity (photometrically), and protozoal and bacterial biomass by differential centrifugal sedimentation (using Sigma 3-18 centrifuge, Germany) (33) Blood test including hemoglobin concentrations, red blood cells and white blood cells counts was performed using a Micros ABC VET (HORIBA ABX Diagnostics, Inc., France) veterinary hematology analyzer. Blood levels of total protein, albumins, globulins, urea, creatinine, glucose, cholesterol, alanine aminotransferase activity (ALT), aspartate aminotransferase (AST) were evaluated using a Chem Well 2902 (+) (Awareness Technology, Inc., USA) automated chemistry analyzer [34] .
Statistical analysis was performed, using the Microsoft Excel [35] .
Results. The digestion in the rumen of ruminants mainly depend on its microflora activity, moreover, they influence the efficiency of energy and feed nutrients use. It is the rumen environment where proteins are cleaved, amino acids processed, ammonia formed, bacterial protein synthesized, non-protein nitrogen compounds absorbed and excreted. Microbial fermentation of the feed in the forestomachs results in the formation of volatile fatty acids (VFAs), amino acids and ammonia [36] .
We found that a higher total mass of symbiotic microorganisms contained in the rumen fluid in HYB1 and HYB2 animals indicated a more extensive microbial activity in the forestomachs of hybrid sheep (Fig. 1) . In these groups, the parameter under investigation was lower before feeding than after it was initiated. The symbiotic microflora biomass in group II (HYB1) before and after feeding was 37.3 and 33.3 % higher (p <0.05), respectively, and in group III (HYB2) it was 37.0 and 22.2 % higher than in the control (ROM). It should be noted that the microbial mass elevated mainly due to the increased number of bacteria. In the HYB1 animals, the levels before and after feeding were increased by 62.6 % (p < 0.05) and 48.3 % (p < 0.05), respectively, and in the HYB2 animals by 46.3 (p<0.05) and 28.0 %, respectively, compared to those in the ROM. The highest difference vs control was seen in the HYB1 hybrids. Elevations in the symbiotic microflora counts resulted in increased digestibility of the nutrients and a better utilization of nitrogen by the rumen microflora. VFAs are highly valuable macronutrients, from which lipoproteins and carbon skeletons of almost all amino acids are synthesized [37] . In our investigations a total amount of VFAs in the rumen fluid increased after feeding in all animals (Fig. 2) . In hybrid animals compared to purebred Romanov sheep, the level of of these metabolites were higher before and after feeding by 26.1 % and 12.0 % (p < 0.05), respectively in group II (HYB1), and by 17.5 (p < 0.05 ) and 8.7 % (p < 0.05) in group III, indicating the more extensive hydrolysis of carbohydrates.
The utilization of starch and other fast-acting carbohydrates in the rumen is a prerequisite for the maintenance of normal vital activity of the microflora. Amylolytic activity of the rumen fluid is ensured by microorganisms, as well as by the availability of free amylase [38] . In the HYB2 and HYB1 groups, these levels were higher by14.0 % (p < 0.05) and 10.3 %, respective- ly, than in the ROM.
Ammonia, the final product of cleavage proteins and non-protein nitrogen compounds in the feed, plays an important role in the conversion of nutrients in the rumen. Some ammonia is absorbed into the bloodstream from the digestive tract, and this is a useless loss of nitrogen, since just a small part of it appears back into the rumen through the saliva and the rumen wall, while most of it is removed from the body in the urine [39, 40] . Our investigations (Fig. 2) have demonstrated a decrease in the concentrations of ammonia-N in the rumen fluid in hybrid animals (p < 0.05) after feeding and compared to the control, as well as lower blood levels of urea (see Table) that may indicate a more efficient use of nitrogen by the rumen microflora. II (n = 3) III (n = 3) before feeding after feeding before feeding after feeding before feeding after feeding 3 hybrids from crossing Romanov ewes with the Romanov sheep and Argali F 2 hybrid (87.5 % of the Romanov sheep blood and 12.5 % of the Argali blood), group III -the F 3 hybrids from the Romanov ewe and Argali F 2 hybrids crossed with the Edilbaev sheep (50 % of the Edilbaev sheep blood, 37.5 % of the Romanov sheep blood, and 12.5 % of the Argali blood). Blood samples were collected 1 hour before feeding and 3 hours after feeding, A/G -albumin to globulin ratio, ALT -alanine aminotransferase, AST -aspartate aminotransferase. *, **, *** Differences compared to the control (group I) are significant at p<0.05, p<0.01 and p<0.001 respectively.
Changed character of the processes in the forestomachs of animals which depends on their origin affected the digestion of different feed nutrients. In the HYB1 animals, digestibility coefficients of dry matter, organic matter, crude protein, crude fat, crude fiber and nitrogen-free extractives were 7.8 %, 5.3 %, 6.9 %, 3.8 % (p < 0.05), 6.5 % (p < 0.05) and 4.5 % higher than those in the ROM. The HYB2 animals also demonstrated increases in these parameters vs. control.
The studied groups were characterized by differences in the use of dietary nutrients. The amount and percentage of nitrogen digested and deposited in the body were higher in the hybrid animals, despite a slight increase in its content in the feces (group III) and urine (group II). The nitrogen utilization coefficient in the ROM group (control) was 27.9 %, which was 8.9 % and 8.5 % less than that in the HYB2 and HYB1 animals. Blood tests in the hybrid animals demonstrated higher total protein, decreased urea, increased albumin-globulin ratio (see Table) , which might indicate higher protein metabolism.
Hybrid animals vs ROMs demonstrated significantly increased blood glucose levels (see Table) , which confirmed that microbial biomass was more extensively carried through the forestomach into the intestine. Thus, in the HYB1 animals this parameter was 2.8-5.9 % (p < 0.05) higher, and in the HYB2 16.0-19.5 % (p < 0.001) higher in comparison to the control. On the contrary, the cholesterol levels in group I were the highest and exceeded those in groups II and III by 0.20-0.22 mmol/l (p < 0.05, p < 0.01) and 0.17-0.27 mmol/l (p < 0.05, p < 0.01), respectively.
Nitrogen metabolism in the HYB1 animals vs. ROM was characterized by the following features: there was a slight increase in total protein (p < 0.05), albumins (p < 0.05, p < 0.01), a decrease in urea after feeding, and an increase in the albumin to globulin ratio. In the HYB2 animals, there was a decrease in the urea blood levels, a slight increase in albumins, and the albuminglobulin ratio was higher than that in the Romanov sheep. The concentrations of creatinine (a phosphate residue donor for ADP, whose recovery to ATP increases the energy potential of the cells) appeared to be substantially higher in hybrid animals compared to the purebred ones. Its values before and after feeding in group II exceeded those in the control by 25.2 % (p < 0.05) and 16.7 % (p < 0.001), and in group III by 12.0 % and 3.4 %, respectively.
The hybrid animals showed higher levels of red blood cells (by 0.8-2.9 %) concurrent to a decrease in white blood cells by 21.8% (p < 0.05) (Fig.  3) . The hybrids in group III vs. their purebred counterparts also demonstrated higher hemoglobin concentrations (by 9.6 %, p < 0.01). These findings indirectly suggest that hybridization has had a generally beneficial effect on the general physiological condition of the animals.
Thus, the obtained hybrids of domestic sheep and Argali having different blood relationship (12.5 % of Argali and 87.5 % of Romanov breed; 12.5 % of Argali, 37.5 % of Romanov breed and 50.0 % of Edilbaev breed) demonstrated an increase in ruminant digestion rates, exemplified by elevated symbiotic microflora biomass, increased amounts of volatile fatty acids and amylolytic activity of the rumen contents, as compared to the purebred Romanov sheep. Consequently, digestibility, nutrient utilization, trends in protein, carbohydrate and lipid metabolism in the hybrids and their purebred counterparts also differ. The identified physiological features of new bred forms should be always considered in order to develop standardized requirements and feeding patterns, which will allow to realize genetic potential for productivity in the hybrids. . 
